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Abstract
A 100 meter X 100 meter study site was chosen at White Rock
Springs in Red Rock Canyon National Conservation Area, Nevada.
To examine Syntrichia caninervis, a desert crustal moss,
reciprocal transplantations (20 mm and 40 mm diameter cores) were
performed between shaded to shaded, exposed to exposed, and
shaded to exposed microsites to determine if it was possible to
transplant the study organism with reasonable survivorship.
Transplants were inspected following rain events for percent
hydration, number of dead stems, and change in percent cover.
Data indicated that there was a low mortality rate of 5.
caninervis stems, and few transplants reduced in percent cover
over the course of the year-long study. Therefore, it was
determined that cores of S. caninervis are able to be
reciprocally transplanted. Also, microhabitat conditions and
core size do not significantly effect transplantation success.
IV
1.0 Introduction
1.1 Natural History. The cryptobiotic crust of the Mojave
Desert is dominated by the bryophyte, Syntrichia caninervis,
found in association with blackbrush (Coleogyne ramosissima)
communities in southern Nevada. This crustal surface is a
integral element of the desert ecosystem, providing a basis for
nutrient synthesis and resource transport. Crustal species from
the bryophyte family (such as mosses, cyanobacteria, and lichens)
also assist in retaining soil moisture and preventing soil
erosion. Mosses are secondary successional indicators suggesting
low disturbance of the crustal ecotone (Dunne 1989). Soil crusts
may also enhance seedling establishment and survival (Belnap
1992), due to the ability of the crust to retain moisture, reduce
erosion, and increase nutrient concentration in the soil.
1.2 Previous Studies. Transplantation of the desert soil
crust has never been documented. Microsites in a desert
environment can be divided into "shaded" (under the shrub canopy)
and "exposed" (not under the shrub canopy). Reciprocal
transplantation may be defined as the process of taking two
objects, one from one location and one from another, and
switching their locations with one another. In flowering plant
experiments, reciprocal transplantation studies are commonly
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performed to distinguish genetic from environmental effects. For
example, in a study by T. Maranon, oak woodland (shaded
environment) soil blocks and open grassland (exposed environment)
soil blocks were reciprocally transplanted to determine changes
in species population densities and species composition (Maranon,
1993).
The main difference between the latter cited experiment and
the one proposed in this thesis (other than the fact that the
previously mentioned experiment utilized seed-bearing plants, as
opposed to spore-bearing bryophytes) is that the seed-bearing
plants were grown in vitro (a lab in UC California) to determine
changes in biomass and productivity; while this study utilizes
spore-bearing plants entirely grown in the field. By conducting
the experiment entirely in situ, the environmental factors will
remain similar.
Another experiment was conducted in order to determine
whether there was a genetic divergence between Brachypodium
sylvaticum which grew in shaded environments as opposed to those
in exposed environments. It was noticed that "two distinct
morphological types within populations of these species" existed
because the B. sylvaticum in exposed microsites had "spreading
macro-hairs on the margin of the leaf lamina", and the ones in
the shade lacked this characteristic (Davies, 1991). These two
different morphs were reciprocally transplanted between shaded
and exposed microsites to determine if the different expressed
characteristics arose from the presence of different
environments, or if it was due to a microevolution of the
species. This relates to my study in that I am going to
reciprocally transplant my study organism to ascertain if the
different microsites (shaded vs. exposed) determine the sexual
expression frequency of S. caninervis, or if there is some other
factor contributing to frequency of sexual expression in the two
microsites.
Past studies of the desert crustal flora revealed sex ratios
inconsistent with expectations. More recent study has produced
results with a female bias of 14?:lcf (Bowker et al. 2000). This
bias suggests that either meiotic spore ratios are not as
expected, or resource availability affects sexual expression in
this organism. It has been noticed that females are found in
shaded as well as exposed microsites, while males have only been
located in shaded microhabitats. This discovery has generated the
question of whether sexual expression is determined by population
exposure (shaded versus exposed).
Sexual expression is defined as the producing of female
versus male gametangia, as opposed to a non-expressing (sterile)
plant. Generally, sexual expression in S. caninervis is low,
only approximately 15% (Stark, personal interview). However, in
exposed areas, it is much lower. Therefore, in Phase 2, I will
reciprocally transplant shaded and exposed populations, with the
prediction that sexual expression will increase when the exposed
population is moved into a shaded environment. Reciprocally, the
sexual expression will decrease from a shaded to exposed
microhabitat. The sexual expression of Syntrichia caninervis
may be altered when reciprocally transplanted from one microsite
to another.
1.3 Phase 1 Hypotheses. In order to examine patterns of
sexual expression, I need to verify that transplantation of the
crust is feasible. Phase 1 will determine if it is possible to
transplant the study organism with a reasonable survivorship.
The effect of microsite conditions on the individual may be
explored using reciprocal transplantation. Reciprocal
transplantation is, in this study, the process of taking one core
of Syntrichia caninervis from one microsite and one core from
another microsite and switching places with each other.
The hypotheses of Phase 1 are as follows.
(1) Core size (the diameter of the core of S. caninervis to be
transplanted) has an effect on transplantation
success,
(2) Microhabitat has an effect on transplantation success.
2.0 METHODS AND MATERIALS (Phase 1)
2.1 Site Preparation. In August 1998, a study site at White
Rock Spring in the Red Rock National Conservation Area was
established. The site was chosen with axes at E26°N and E116°N.
Four coordinates were randomly selected to designate "focal"
blackbrush shrubs with sufficient distance (20 meter (m) radius)
between them to prevent overlap of treatment areas. The closest
C. ramosissima shrub to each of these four coordinates was
flagged and staked for future reference. Stakes were always
positioned on the south side of the shrub to avoid destroying any
S. caninervis populations. The four treatment zones were flagged
as ES (exposed to shaded) , SS (shaded to shaded) , EE (exposed to
exposed), and R (replant).
From each focal shrub, the six to twelve (depending on the
treatment) nearest Coleogyne shrubs with suitable exposed and/or
shaded populations were flagged, staked, and labeled ESoi through
ESoe, respectively (replicates). Suitable populations had a
minimum of one (1) population with minimum diameter of forty
millimeters (40 mm). Populations could not contain sporophytes
(i.e., these are entirely male or female populations, with no
bisexual populations). Populations were designated as exposed if
they were more than thirty centimeters (30 cm) from the canopy
line of the associated Coleogyne shrub. Shaded populations
either intersected the canopy line or fell completely under the
canopy (Figure 1) . 5. caninervis populations were chosen for
four treatments: transplants of exposed to exposed, shaded to
shaded, exposed to shaded, and a replant control.
During September 1998, the distance (m) and direction
(degrees) of each staked shrub from their respective focal shrub
(Figure 2) was calculated. Preliminary coring of populations off
site were performed using the proposed 20 mm, 40 mm, and 60 mm
diameter PVC pipe. Coring was carried out using both desiccated
and artificially hydrated populations, to determine the easiest
technique for transplantation of intact populations. Hydrated
cores were found to be preferable, maintaining intactness more
effectively.
2.2 Performing of Reciprocal Transplantations. At the
beginning of October 1998, reciprocal transplantations were
performed. Due to the small dimensions of available populations1,
an even distribution of core sizes was not possible. In the
first treatment (E-S), the populations were cored and exchanged
between the paired exposed and shaded microsites of each shrub
(see Figure 1A). In order to ensure that paired populations were
reproductively isolated, a minimum interpopulational distance of
1 Population is a group of individuals which grow nearby each
other and are separated from other groups of individuals.
1 m was imposed. The PVC core was placed over the donor
population. Using a wash bottle, the plants to be cored were
watered and allowed to hydrate for several minutes, allowing the
soil to soften. The population in the core along with
approximately 1 cm of underlying soil was gently removed. The
above was repeated for the recipient population. Both samples
were quantified for number of stems, percent of dead stems, and
percent cover (to the nearest 10%).
Distance and direction of each transplant from its
associated Coleogyne shrub was also recorded to aid in later
location of samples. Directional aspect was maintained during
transplantation, i.e., the north side of donor core was oriented
on the north side of receiving population. Transplants were
inserted to the original ground level. Each transplant was
marked on the north, east, south, and west sides with colored
toothpicks for easier identification and reference direction.
At the second treatment area (S-S), the twelve shaded
populations were cored and reciprocally transplanted with one
another (see Figure IB)2. For example, the shaded core of SSoi
was switched with the shaded core of SSoa. Cores of equal
diameter were switched, and at least one meter occurred between
populations. The same process was carried out for treatment
three (exposed site, E-E), except that exposed populations were
2 Photographs of each core after transplantation were taken and are stored at the lab of Dr. Lloyd Stark.
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switched between one another (see Figure 1C). At the fourth
treatment (replant, R), the exposed and shaded populations of S.
caninervis were simply hydrated, cored, picked, up and carefully
inserted into their original location (see Figure ID). The
purpose of the replant treatment was to create a control. That
is, to maintain all other environmental factors, aside from the
picking up and replacing of cores. In all treatments except
for the replant, no effort was made to ensure the directional
orientation of the core with reference to the associated shrub
after transplantation. This represents a potential weakness of
i
; the study.
2.3 Revisitation of Site. In January 1999, the study site
was revisited following a winter rain event (Jan 16, 1999).
Transplants were examined for variation in percent cover, number
dead stems, and percent hydration. Additional data on these
variables were collected following each rain event or once per
month (whichever occurred first) . As the months progressed,
however, it was realized that visits to the site when there was
no rain event were not necessary, as the transplants did not
change and no data could be collected (regarding percent
hydration, percent dead stems, and percent cover) unless the
cores were hydrated. The dates which the site was revisited
follows. The star next to some dates indicates a visitation
following a rain event: 01-16-1999*, 01-24-1999, 01-30-1999*,
02-06-1999, 03-07-1999, 04-04-1999*, 04-25-1999*, 06-02-1999*,
07-10-1999*, 9-12-1999, 12-05-1999.
2.4 Methods of Phase 2. While continuing to collect data on
the Phase 1 transplants during or after each rain event, Phase 2
was begun. The purpose of Phase 2 is to determine if microsite
conditions effect sexual expression. The results of Phase 2 are
beyond the scope if this report. The methods for Phase 2 will be
as follows:
1. Select a study area well out of the way of hikers (the
proposed area is down the trail from the area used for
the methods study)
2. Randomly select 10 exposed and 10 shaded populations of
5. caninervis from a total of approximately 250
populations.
3. Tag each associated shrub (using a metal tag) around
the base of the root stock.
4. Prior to coring, randomly sample from each of the 20
populations, 30 stems, using a grid system. Remove
stems at ground level and place each into a separate
small envelope (one per population).
5. Place the corer over the area of the population to be
cored, and hydrate the area inside the corer. Use the
"split plot" design, where half of the core is
reciprocally transplanted, while the other half gets
removed and replanted. Carry out reciprocal
transplantations between pairs of shaded and exposed
populations which are not paired to an associated
shrub.
6. Photograph each population prior to and after
transplanting.
7. In the laboratory, dissect each stem which was removed
from the populations (in step 4). Count the number and
sex of inflorescences. Make a "stick drawing" for each
stem, indicating where along each stem each
inflorescence was, and the distance from the stem
apical meristem to each inflorescence (female or male
reproductive structure).
8. In a year or more, another random sampling of stems
from each core which was reciprocally transplanted will
be carried out, to determine if exposed plants moved to
the shaded environment will eventually increase their
sexual expression and vice-versa.
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3.0 Results
3.1 Location. Figure 2 illustrates the location of the
focal shrubs and each associated shrub to the utilized S.
caninervis populations in each of the four treatment sites. The
grid represents the area of the study site, which is
approximately 100 X 100 meters (m). The boundaries of this site
did not extend further because there was a trail on the west side
of the site and a wash on the east. The four colors in Figure 2
indicate which treatment site the shrubs are in. For example, the
blue dots represent the shrubs which are associated with each
transplant in the exposed to exposed site.
The information in Table 1 also gives the location of each
Coleogyne ramosissima shrub most closely associated with each
transplant. The average direction (in degrees E of N) of SE, SS,
EE and R was E216.6°N, E236.3°N, E184.7°N, and E314°N
respectively. The average distance of each shrub (respective of
each transplant) from the focal shrub of treatments SE, SS, EE
and R were 8.8m, 12.5 m, 12.9 m, and 18.2 m respectively.
3.2 Characterization of Transplants. Tables 3 and 4
illustrate the data gathered on the day of reciprocal
transplantation (October 25, 1998). The average core size of the
transplants was 20 mm. This was due to the relatively small
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sizes of populations on the chosen study site. The 20 mm cores
had an average preliminary stem count of 107 stems. The 40 mm
cores averaged 449 stems, if they had 100% cover. Obviously,
there were more stems contained in the cores with larger percent
cover and fewer stems in those cores with lower percent cover.
For example, EE02 had a stem count of 143, was 20 mm in diameter,
and had 100% cover. While conversely, EE01 had a stem count of
only 58, was 20 mm in diameter, and had only 60% cover.
Distance and direction of each core from its associated
blackbrush shrub was also recorded. For instance, EE02 was
transplanted 115 cm from its associated C. ramosissima shrub at
E85°N. This information was helpful in relocating each
transplant if our toothpicks or flagging tape were removed.
The height and width of some of the transplants were recorded, as
shown on Table 2. This information may be helpful in determining
if an increase in dead stems could be due to too large or too
small an associated blackbrush bush.
3.3 Patterns in Percent Cover. Figure 4 shows the data
gathered upon visits to the site after rain events. With most of
the transplants, percent cover did not change. However there
seemed to be a decrease in percent cover in R03S, R03E, R04S,
ROSS, R06E, E06, SS10, EE02, EE05, EE08 and EE09. There were not
enough data to determine if percent cover in the host populations
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was altered over time. Percent hydration was also recorded.
This information aided in determining whether it was feasible to
gather information on percent cover or number of dead stems. For
instance, if the stems appeared to be less than 100% hydrated, it
was not possible to determine if they were alive. This is
because if they are insufficiently hydrated, the stems appear a
slight brown color, which may be mistaken with a dead stem.
Percent cover data was also not accurate, since the original
percent cover data was collected after the stems appeared to be
100% hydrated, and therefore seemed larger due to being
saturated.
3.4 Percent Hydration. Following rain events during 1998
and 1999, the study site was revisited to gather information on
percent cover, percent hydration, and number of dead stems. Upon
visiting the site, 100% hydration was always the preferred
hydration state. However, the populations seemed to dry out
quickly, and 100% was not always achieved. For example, in Table
4, the percent hydration of core SS06 at each of the dates was
0%, 50%, 50%, 90%, 100%, and 0%. As previously mentioned, it was
only feasible to gather data on number of dead stems and percent
cover when the cores were 100% hydrated.
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3.5 Mortality of Stems Over Time. During transplanting, the
number of dead steins was calculated. There appeared to be very
few dead stems in any of the cores. The most dead stems, 21,
were detected in EE09. Only five transplants had dead stems at
all. Few steins seemed to die over time. Transplants EOS, ROSS,
SS06, EE03, EE05, EE07, EE08 and EE10 did not have any dead stems
at the time of transplant, but increased by a few by the last
rain event date. Of the forty-eight (48) transplants, only 14
had any dead stems at any time during the research period.
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4.0 Discussion
4.1 Core Size Influence on Transplantation Success. Core
size (20 mm vs. 40 mm) did not appear to have any noticeable
effect on transplantation success. More dead stems were
discovered in the 20 mm cores than the 40 mm cores. But,
comparatively speaking, there were thirty-nine (39) 20 mm cores
and only nine 40 mm cores. Very few dead stems were discovered
in any cores. The greatest number of dead stems was 7 stems in
EE09, which had a total stem count of seventy-seven (77). In the
initial transplants, a few had a greater number of dead stems
counted. However, the appearance of a "dead stem" may not have
been accurately understood. There was a learning process
involved with identifying dead stems, and the second visitation
to the site demonstrates that "dead stems" were then able to be
fully identified.
Some of the cores had dead stems at one time, but at later
dates, no dead stems were recorded in the same cores. The dead
stems may have been washed away during rain events. Possibly,
the dead stems which were recorded may have been injured and not
completely dead, and may have recovered. In examining the data
collected, it is seen that the majority of the stems in each
transplant lived. This indicates that even with a small core
size, the transplants were successful.
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4.2 Micros!te Conditions on Transplantation Success. The
change in microsite conditions did not seem to affect the success
of the transplants. The cores moved from E <-» S did not exhibit
any large decline in percent cover, or any significant increase
in the amount of dead stems from their original stem count.
Therefore, it may be determined that a change in microsite
conditions (from shaded to exposed and vice-versa) had no effect
on transplantation success.
4.3 Removal of Cores and Change in Percent Cover. Some of
the cores were removed during the year-long study. This removal
may have been from rodents, vandalism, or flooding which occurred
during summer rains. Luckily, with replication in the four
treatment areas, sufficient data were collected on the remaining
cores. Also, percent cover declined in some of the transplants,
which was generally noticed during the June 2, 1999 visit. Some
of those transplants were labeled as "disturbed" as noted in
Table 4. This means that the transplants were either missing
pieces or percent cover was drastically reduced from the previous
visit. The treatment areas with the greatest percent cover
decline were the replant (R) and exposed (EE) sites. This may
have been due to the heavy rains which occurred during the
summer, and also to the fact that the transplants were near to
the wash which ran through the site. Drainage may have occurred
16
most drastically through the replant and exposed treatments.
However, in these cores with diminished percent cover, no
noticeable change in the number of dead stems was recorded.
4.4 Conclusions of Experiment. All four treatment sites
showed no significant decrease in percent cover or increase in
number of dead stems. All transplants (aside from those removed)
exhibited a reasonable survivorship. Thus, the hypotheses that
core size and microsite conditions affect transplantation success
are rejected, at least as viewed over the course of a single
year.
4.5 Future Studies. Phase 2 has not yet begun. The methods
for Phase 2 have been written, but the study site is still being
established. Since it has been determined in Phase 1 that S.
caninervis may be transplanted with a reasonable survivorship,
Phase 2 may be launched. The results in Phase 2 will reveal
whether it is possible to alter the sexual expression of 5.
caninervis by modifying its microhabitat conditions.
17
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Table 1
Distance and Direction of Each shrub (tied to the
transplant) to the Focal Shrub of Each Treatment
Transplant #
SEOO
SE01
SE02
SE03
SE04
SE05
SE06
SSOO
SS01
SS02
SS03
SS04
SS05
SS06
SS07
SS08
SS09
SS10
SS11
SS12
EEOO
EE01
EE02
EE03
EE04
EE05
EE06
EE07
EE08
EE09
EE10
EE11
EE12
ROD
R01
R02
R03
R04
R05
R06
Direction/Degrees E of N
104
277
93
24
339
350
109
98
50
8
350
348
324
322
316
306
298
306
78
44
39
31
35
353
5
349
345
325
319
293
336
330
320
304
294
300
Distance (m)
3
3.05
4.6
10.1
15.55
16.2
3.75
6.8
6.7
5.65
8.15
9.8
14.35
21.95
22.1
20.6
18.8
11.1
13.05
12.2
11.7
10.2
16.2
24.2
23.8
22.1
18.55
14.65
14.8
9.8
20.85
18.15
16.6
20.7
19.3
13.5
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Table 2
Distance and Direction of Trans
Transplant #
SEOO
S01
E01
S02
E02
S03
E03
S04
E04
805
EOS
S06
E06
ROD
R01S
R01E
R02S
R02E
ROSS
ROSE
R04S
R04E
ROSS
ROSE
R06S
R06E
SSOO
SS01
SS02
SS03
SS04
SS05
SS06
SS07
SS08
SS09
SS10
SS11
SS12
EEOO
EE01
EE02
EE03
EE04
EE05
EE06
EE07
EE08
EE09
EE10
EE11
EE12
Distance (cm)
25
66
38
Removed
34
90
23
55
Removed
75
40
95
44
96
22
120
45
127
32
155
35
5
45
157
20
18
53
33
42
43
43
62
31
45
35
30
Removed
115
96
95
96
124
100
160
125
145
80
40
plants; Height and Width of Associated Co/eogyne
Direction (deg. E of N)
32
349
309
55
55
0
36
342
342
2
26
118
7
35
27
32
7
75
349
13
357
79
39
346
16
350
358
357
14
48
16
354
340
18
85
359
328
269
7
9
4
352
40
6
343
Height (cm)
49
49
58
50
50
43
43
45
54
54
55
55
39
50
50
50
69
78
52
52
78
78
Width (cm)
76,33
76, 33
82,75
115,70
115,70
55
55
100
77
77
65
65
56
65
65
65
80
110
90
90
110
110
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Table 3
PRELIMINARY DATA - TRANSPLANTS
TRANSPLANT #
SEOO
S01
E01
S02
E02
803
E03
S04
E04
SOS
EOS
S06
£06
SSOO
SS01
SS02
SS03
SS04
SS05
SS06
SS07
SSOS
SS09
SS10
SS11
SS12
EEOO
EE01
EE02
EE03
EE04
EE05
EE06
EE07
EE08
EE09
EE10
EE11
EE12
ROD
R01E
R01S
R02E
R02S
ROSE
ROSS
R04E
R04S
ROSE
R058
R06E
R06S
CORE SIZE
20
20
40
40
20
20
20
20
20
20
20
20
20
20
40
20
40
20
40
20
20
40
40
40
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
40
20
20
# OF STEMS
153
147
449
180
115
128
92
113
62
85
106
80
112
95
404
87
-449
105
-449
121
113
-449
-449
-449
58
143
128
155
103
85
88
224
77
109
160
90
103
92
87
84
48
136
77
102
74
404
82
148
% COVER
100
100
100
80
100
100
100
100
90
70
100
90
100
90
90
80
100
100
100
100
100
100
100
100
60
100
90
100
90
90
80
100
80
80
100
90
80
90
70
90
40
90
80
100
50
90
60
100
#DEAD
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
5
0
0
0
7
10
0
0
0
0
0
0
0
0
0
0
0
21
0
0
12
0
0
0
0
0
0
0
0
0
0
0
0
TRANSPLANT TO #
02
01
05
08
03
09
12
04
06
11
10
07
02
01
04
03
06
05
08
07
10
09
12
11
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Table 4
Data Gathered During (or just after) Rain Events
TPi
SEOO
S01
E01
S02
E02
S03
EOS
S04
E04
SOS
EOS
S06
E06
ROO
R01S
R01E
R02S
R02E
R03S
R03E
R04S
R04E
ROSS
ROSE
R06S
ROSE
SSOO
SS01
SS02
SS03
SS04
SS05
SS06
SS07
SS08
SS09
SS10
SS11
SS12
EEOO
EE01
EE02
EE03
EE04
EE05
EE06
EE07
EE08
EE09
EE10
EE11
EE12
% Cover /core)
ia/30/9<
100
100
100
80
100
100
100
100
90
70
100
90
90
80
90
90
90
70
100
80
90
50
100
60
100
90
90
80
100
100
100
100
100
100
100
100
60
100
90
100
90
90
80
100
80
80
100
90
1/16/99
100
100
ND
R
100
100
ND
100
R
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
R
100
90
ND
ND
ND
ND
ND
ND
ND
ND
ND
2/6/99
ND
100
ND
R
ND
ND
ND
100
R
ND
ND
90
90
80
ND
ND
ND
ND
ND
ND
ND
50
ND
ND
100
ND
ND
ND
ND
ND
100
100
ND
ND
ND
100
R
ND
90
ND
90
90
80
ND
80
ND
ND
90
4/4/99
ND
ND
ND
R
ND
ND
ND
ND
R
ND
ND
ND
ND
ND
90
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
100
ND
ND
ND
ND
ND
R
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
4/25/99
100
100
100
R
100
100
100
100
R
70
100
90
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
100
ND
90
80
ND
100
ND
ND
ND
ND
ND
ND
R
ND
ND
100
90
ND
ND
ND
ND
ND
ND
ND
6/2/99
100
100
100
R
100
100
100
80
R
70
100
70
90
80
90
70
90
70
100
80
70
50
100
60
100
90
90
80
100
100
100
R
100
90
100
100
R
50
90
80
70
90
80
70
70
80
80
90
7/1 0/99
ND
ND
ND
R
ND
ND
ND
ND
R
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
80
ND
ND
100
R
ND
ND
ND
ND
R
ND
ND
ND
ND
ND
ND
ND
ND
NU
ND
ND
12/5/99
100
100
40
R
100
80
100
80
R
70
100
70
R
30
30
ND
90
70
30
80
70
50
70
20
100
90
90
80
80
100
100
R
100
90
100
100
R
R
90
70
70
90
80
70
70
80
80
90
% Cover (host!
1/16/99
ND
ND
ND
R
ND
ND
ND
ND
R
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
R
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
2/6/99
ND
NU
ND
R
ND
ND
ND
ND
R
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
R
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
4/4/99
ND
NU
ND
R
ND
ND
ND
ND
R
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
R
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
4/25/99
100
90
80
R
90
90
30
50
R
20
30
10
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
90
ND
40
60
ND
70
ND
ND
ND
ND
ND
ND
R
ND
10
10
ND
ND
ND
50
50
20
20
ND
6/2/99
100
90
80
R
90
90
30
50
R
20
30
ND
30
20
50
10
30
10
40
20
70
10
60
10
90
70
40
60
60
70
50
ND
50
40
60
30
R
30
10
10
20
20
40
50
30
20
20
10
7/10/99
ND
ND
80
R
ND
ND
ND
ND
R
ND
ND
ND
ND
ND
ND
ND
30
10
40
ND
ND
ND
ND
ND
ND
ND
ND
50
ND
ND
50
ND
ND
ND
ND
30
R
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
12/5/99
100
70
60
20
80
80
50
60
R
20
50
10
ND
20
40
ND
30
10
40
20
70
10
60
10
90
70
40
50
60
60
50
ND
50
40
70
30
R
ND
10
10
20
20
40
50
30
20
20
10
% Hvdration (core)
1/16/99
100
100
60
R
100
100
60
100
R
60
60
10
75
60
60
30
60
30
45
60
30
0
60
60
60
0
0
75
0
0
0
60
0
0
0
30
R
ND
30
30
45
30
60
75
75
30
45
30
2/6/99
50
100
70
R
70
70
80
100
R
30
70
100
90
90
70
0
70
0
80
80
80
90
70
60
90
80
30
70
80
50
100
100
70
80
30
100
R
80
100
70
100
100
100
70
100
70
70
100
4/4/99
80
60
70
R
50
50
60
40
R
30
70
60
80
20
90
30
50
30
70
40
80
40
80
40
70
60
50
70
60
50
90
80
70
60
50
80
R
60
50
50
40
50
60
50
60
40
50
40
4/25/99"
100
100
100
R
100
100
100
100
R
90
100
90
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
90
ND
100
100
10
90
ND
ND
ND
ND
ND
ND
R
ND
90
90
ND
ND
ND
70
50
70
80
ND
6/2/99
100
100
100
R
100
100
100
100
R
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
R
100
100
100
100
R
100
100
100
100
100
100
100
100
100
100
100
7/10/99
0
0
80
R
0
0
0
0
R
0
10
0
0
0
0
0
40
0
40
40
0
0
0
30
0
0
0
90
0
0
100
R
10
0
0
80
R
0
10
0
ND
10
0
0
10
0
10
20
12/5/99
100
100
100
R
100
100
100
100
R
100
100
100
ND
100
100
ND
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
R
100
100
100
100
R
R
100
100
100
100
100
100
100
100
100
100
% Hvdration (host)
1/16/99
ND
ND
ND
R
ND
ND
ND
ND
R
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
R
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
2/6/99
ND
ND
ND
R
ND
ND
ND
ND
R
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
R
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
4/4/99
80
60
70
R
50
70
70
50
R
30
70
60
90
20
90
30
60
30
70
40
80
40
80
30
70
70
50
70
70
50
90
80
70
70
50
80
R
60
60
50
50
50
60
60
70
50
50
40
4/25/99
100
100
100
R
90
100
100
100
R
90
100
90
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
80
ND
100
100
20
90
ND
ND
ND
ND
ND
ND
R
ND
90
80
ND
ND
ND
70
60
70
80
ND
6/2/99
100
100
100
R
100
100
100
100
R
100
100
100
100
100
100
100
100
D
100
100
100
100
100
100
100
100
100
100
100
100
100
R
100
100
100
100
R
100
100
100
100
100
100
100
100
100
100
100
7/10/99
0
0
80
R
0
0
0
0
R
0
10
0
0
0
0
0
40
0
30
0
0
0
10
| 0
0
0
0
90
0
0
100
R
10
0
0
90
R
0
10
0
ND
10
0
0
10
0
10
20
12/5/99
100
100
100
R
100
100
100
100
R
100
100
100
ND
100
100
ND
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
R
100
100
100
100
R
ND
100
100
L100
100
100
100
100
100
100
100
1
10/30/9£
5*
7*
10"
21*
12'
1/16/99
12
2/6/9
2*
1*
1*
4
NO = No Data
* = Transplants may not have been sufficiently hydrated, which caused inaccurate dead stem counts.
** = Site was vandalized. Could not obtain all data due to unability to locate transplants.
R = Core Removed
T.P # - Transclant Number
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